There is scant information on tuberculosis symptoms from a population-based perspective. We prospectively identified 526 tuberculosis cases reported in Los Angeles County over a 6-month period. Of 313 persons who completed our questionnaire, 72.7% had cough, 48.2% for 12 weeks, and 52.3% had fever, 29.4% for 12 weeks. Among those with pulmonary disease, only 52.4% had cough for 12 weeks. In a multivariate model, persons with significant symptoms typical of tuberculosis disease (defined as cough or fever for 12 weeks, weight loss, or hemoptysis) were associated with lack of medical insurance, negative tuberculin skin test, diagnosis during a process other than screening, and non-Asian race. In summary, classic symptoms of prolonged cough and fever are insensitive predictors of tuberculosis. Our data suggest that Asians may need to be added to the list of persons who present with tuberculosis atypically. We believe that the Infectious Diseases Society of America guidelines for community-acquired pneumonia should emphasize demographic features in addition to clinical symptoms when suggesting which patients require evaluation for Mycobacterium tuberculosis.
Nearly 20,000 cases of tuberculosis are diagnosed annually in the United States and 19 million worldwide [1, 2] . Despite the widespread nature of this infection, there is only scant population-based information concerning symptoms of active tuberculosis. We believe a description of symptoms serves 2 important purposes. First, it provides a contemporary description of tuberculosis symptoms that may be valuable to clinicians, public health officials, and agencies that use symptom-based screening surveys to screen for active tuberculosis. Second, a subgroup analysis will provide insight as to groups that may present atypically with the disease.
Most case series concerning tuberculosis symptoms are limited by methodology. Most descriptions have been limited to 1 organ system (for example pulmonary or renal tuberculosis) or cases from a single hospital [3, 4] . These limitations may have resulted in biased clinical descriptions of the disease that may not be representative of larger, more diverse, and less severely affected populations. In addition, the epidemiology of tuberculosis has changed, raising the question as to whether tuberculosis symptoms described in the past remain valid today.
In the United States, foreign-born persons comprise an increasing proportion of cases [1, 5] and HIV commonly coinfects persons with tuberculosis, potentially altering disease presentation [6] [7] [8] .
A second purpose of our study was to contrast the clinical presentation of tuberculosis among subgroups. Previous analyses have suggested that older persons present more often with atypical disease and that they may have less fever and less cough more often than younger persons [9] [10] [11] . Identification of other subgroups that present atypically will help clinicians and screening agencies target groups that may need more aggressive evaluation to uncover possible tuberculosis disease.
To obtain information on the symptoms of tuberculosis, we chose Los Angeles County as our study population. The county has the second largest number of tuberculosis cases of any reporting jurisdiction in the country [12] and has a diverse immigrant population. The county also has several well-structured tuberculosis screening programs that help identify infection in high-risk groups, such as homeless persons, HIV-infected individuals, and contacts of infectious cases. This allows us to capture data on persons with tuberculosis who may never have been hospitalized, a group rarely included in previous case series of tuberculosis symptoms. To answer our research question, we designed a study instrument (a questionnaire) to elicit data on symptoms from all persons diagnosed with tuberculosis over a 6-month period.
Methods
Study population. The law requires health care professionals, laboratories, and governmental agencies to report all suspected and confirmed cases of tuberculosis in Los Angeles County (excluding the municipalities of Pasadena and Long Beach) to the Los Angeles County Tuberculosis Control Registry. From these records, we prospectively identified 735 consecutive, confirmed cases of tuberculosis reported from April through September 1993. We excluded children and people who were incarcerated or who had died, leaving 536 patients. Of these, 10 did not speak 1 of the 5 languages of our survey and were excluded. We attempted to locate and survey the remaining 526 persons.
Data collection. We sent potential respondents a letter describing our study and provided them with a phone number to call if they did not wish to participate. Trained bilingual interviewers called all eligible patients using the phone numbers provided by the registry, clinic, directory assistance, or friends or relatives listed in medical records. Because telephone surveys miss homeless persons, interviewers sought them at soup kitchens, shelters, and a specialized county clinic for the homeless. Interviewers made an average of 16 attempts to contact each potential respondent.
After giving informed consent, subjects responded in their preferred language. Interviews were conducted in 5 languages: English, Spanish, Mandarin, Tagalog, and Vietnamese. The interview used a structured form (a questionaire) to elicit information on clinical symptoms and demographic information. Items were derived from previously validated instruments [13] [14] [15] [16] . We abstracted demographic and clinical information-radiographic and microbiologic results, skin test results, and site of tuberculosis infection from the county tuberculosis registry. Previous studies on the same registry population showed good agreement on assessment of HIV status, acid-fast bacilli (AFB) smear status, and culture results among data abstracted from the registry, medical records, and laboratories [17] . To check the reliability of the interview data and to ensure quality control, we readministered the instrument to 23 subjects during the data collection process and compared registry and interview values for variables that could be derived from both sources (age, sex, ethnicity, and country of birth) and found good agreement (k 1 ). 0. 8 Statistical analyses. We defined persons with significant clinical symptoms as those who had had 1 of the following symptoms at any time during the preceding 2 years: cough for 12 weeks, fever for 12 weeks, weight loss, or hemoptysis. We chose these significant symptoms on the basis of literature that emphasizes they are either typical of tuberculosis disease [18] or symptoms that should prompt clinicians to consider this disease [19, 20] . We considered including other symptoms as significant, for example night sweats and fatigue, but did not because the literature suggested such symptoms were too nonspecific and shared by many disease processes [19, 21] .
Based on the medical literature [6, 7, 9] and clinical judgement, we preselected 20 variables that we hypothesized to be predictors of significant symptoms. We examined the association between the predictor variables and significant symptoms using bivariate analysis (x 2 test for categorical variables and two-tailed t test for continuous variables). A multivariate logistic regression model to identify independent predictors of significant symptoms was created by including all predictor variables with a on bivariate analysis P ! .20 and excluding highly correlated predictor variables. All statistical analyses were performed by use of the SAS statistical package [22] .
was considered statistically significant. P р .05
Results

Description of persons with tuberculosis.
Of the 526 persons eligible to be surveyed, 159 could not be contacted and 54 refused to be interviewed. Our questionnaire was completed by 313 persons. A previous comparison of demographic variables between respondents and nonrespondents using this registry found no significant differences [17] .
Of the 313 persons surveyed, all but 5 had tuberculosis disease at a site listed in the registry. By use of World Health Organization (WHO) definitions [23] , pulmonary disease was found in 245 (79.5%), extrapulmonary disease in 54 (17.5%), and both pulmonary and extrapulmonary disease in 9 (2.9%). Among the 54 persons with extrapulmonary disease, sites of infection included the lymphatic system (22 patients), pleura (9) , miliary disease (9), bone or joint (7), genitourinary tract (5), peritoneum (3), meninges (2) , and other (6) . For all but 7 patients, information on chest radiographs was listed in the registry; radiographs demonstrated cavitary disease in 58 (19%).
Our patient population was predominantly male (64.3%), nonwhite (89.6%), and foreign-born (71.4%). Demographic and clinical information are presented in table 1. Additional data not included in the table include: 53.7% had an annual income 1$5000 per year, 66.9% had 112 years of education, 38% spoke English as a preferred language, 3.9% had previous psychiatric hospitalization, 10 .5% had a normal chest radiograph, and 71.5% had cultures positive for M. tuberculosis.
The diagnosis of tuberculosis was made in 70.1% of persons after the patient presented for medical care with symptoms of tuberculosis (such as cough, fever, etc.) or symptoms of other illnesses. The other 29.9% were diagnosed during medical screening. This group includes persons who were diagnosed at immigration or employment screening programs, and during the screening of high risk groups such as HIV-infected persons, the homeless, contacts of persons with active tuberculosis, and persons diagnosed during routine physical check-ups. Table 2 shows the percentage of patients who had each symptom among all patients, among those with pulmonary disease, and among those with extrapulmonary disease. Significant symptoms were present in 70.6% patients. Among the persons in our population, 72.7% had cough, 48.2% for 12 weeks. Fever was seen in 52.3% and in 29.4% for 12 weeks.
Bivariate and multivariate analyses. Table 1 summarizes bivariate analysis of significant symptoms and the predictor variables. Significant symptoms were associated with ( ) P ! .05 ethnicity, being US born, younger age, unemployment, homelessness, absence of health insurance, HIV infection, alcoholism, drug use, positive smear results, negative tuberculin skin test (TST), and diagnosis because of symptomatic disease. Significant symptoms were not associated with having a positive culture for AFB ( ), normal chest radiograph ( ), P = .41 P = .30 previous psychiatric hospitalization ( ), education ( P = .32 P = ), and speaking English as a primary language ( ). To .44 P = .11 determine whether significant symptoms were associated with the duration of time between disease diagnosis and interview date, we compared this duration among persons with and without significant symptoms and found no difference (58 days vs. 63 days; , two-tailed t test). P = . 33 Results of multivariate analysis are summarized in table 1. (The model excluded 1 explanatory variable, speaking English as a primary language, which was highly correlated with another explanatory variable, birth in the U.S.A., and which had a higher rate of missing values). In our model, independent predictors of significant symptoms were as follows: lack of health insurance (OR, 3.60; 95% CI, 1.65-7.83; ), neg-P = .001 ative TST (OR, 6.40; 95% CI, 1.36-30.01; ), and diag-P = .02 nosis because of symptomatic disease (in contrast to diagnosis during some more general screening; OR, 5.89; 95% CI, 2.69-12.89; ) ). Asian ethnicity was a predictor of lack P ! .0001 of significant symptoms (OR, 0.17; 95% CI, 0.08-0.39; P ! ). With use of empirical imputation for missing values, .0001 these variables maintained their statistical significance and younger age also became an independent predictor of significant symptoms (OR, 1.02; 95% CI, 1-1.04;
). P = .01
Discussion
We sought to describe tuberculosis symptomatology from a population-based perspective. This is an important viewpoint because many clinical descriptions of tuberculosis are case series of hospitalized patients and thus may be biased toward those with more severe disease.
To contrast the results of our survey with other descriptions of tuberculosis symptoms, we sought to identify all other published cohorts or cross-sectional studies of tuberculosis by searching MEDLINE citations for the period from 1966 through February 1999. We made additional attempts to find a population-based description of symptoms from the literature and a review of texts dating back to the late nineteenth century at the libraries of the Los Angeles County Department of Health and the University of California, Los Angeles. To our knowledge, our study is the only true population-based description of tuberculosis symptoms, with the exception of a study by Gnaore et al. [7] , and the first such description from the United States. The Gnaore study is of limited use because it lacks a detailed description of the method used to collect information on tuberculosis symptoms. In addition, it was performed primarily to contrast tuberculosis infection among those with and without HIV infection. We found 3 additional studies that described tuberculosis symptoms in persons with both pulmonary and extrapulmonary disease [3, 4, 6] . These studies, as well as the study by Gnaore et al., are summarized in table 3. To contrast our results in a more meaningful manner, we present the prevalence of symptoms of tuberculosis normalized to our 12.1% rate of HIV infection in the 2 studies that were undertaken to contrast symptoms among HIV-positive and HIV-negative patients [6, 7] .
One interesting finding of our study was that the proportion of persons with tuberculosis who had the significant symptoms of prolonged (12 weeks) cough and fever was smaller than we anticipated and small in comparison to previously published studies. In the other reports described in table 3, the prevalence of prolonged (12 weeks) cough ranged from 42%-89% and prolonged fever from 23%-68%. In our study, only 48.2% and 29.4% had prolonged cough and fever, respectively. Differences in symptom prevalence noted in the table might reflect local variation in disease. However, our rate of extrapulmonary disease is similar to that of the studies in table 3 and that in other locales [3, 6, 7, [24] [25] [26] . The rate of cough in our study may also reflect the inclusion in our population of persons treated as outpatients, a group almost invariably ignored in previous symptom studies. Our results suggest that atypical symptoms of tuberculosis disease may be more common than previously held.
Our study has several strengths. First, our population is a large, diverse group with a wide range of ages, ethnicities, countries of origin, routes of diagnosis, and clinical symptoms. These factors allowed us to make group comparisons not previously reported by other studies. Virtually all studies on tuberculosis symptoms have compared symptoms among patients with and without a single characteristic (e.g., age or HIV infection), without controlling for confounders; yet these studies have attempted to draw conclusions about groups that present atypically with tuberculosis [6, 7, 9, 27] . Our large and diverse sample of 313 patients allowed us to control for multiple dem- ographic and clinical characteristics and to identify independent predictors of atypical disease presentation. An additional strength of our study is that we used a standardized interview to collect information about symptoms. Although obtaining clinical information from medical records has advantages (e.g., it describes patients' complaints at the time of presentation for medical care), there are limitations to this method. Clinicians may obtain clinical information but not document it. In addition, some clinical information may not be pursued by clinicians. For example, a chart omitting information on weight loss may indicate either that the patient did not lose weight or that this information was not collected. Our data set contains information about cough, fever, and other clinical symptoms on most consenting patients and appears valid when compared with that of previously published chartbased studies. For example, in the bivariate analysis, we found that persons with HIV were more symptomatic than those without and that older persons with tuberculosis were less likely to be symptomatic; these findings are similar to those of other reports [6, 9, 27] .
There are limitations to using information obtained from a standardized interview after a diagnosis of tuberculosis has been established has limitations. In our study methodology may have allowed patients to describe their symptoms differently than they would have at the time of disease presentation. Some mild fatigue initially unreported during disease presentation may have taken on a larger significance later when the patient had had time to reflect that they had a serious infection. Conversely, some patients might have forgotten some symptoms over time. However, the time from confirmation of tuberculosis disease and questionnaire completion did not differ among those with and without significant symptoms.
Our study has additional limitations. We were unable to interview all 526 eligible patients. However, we made concerted efforts to locate homeless persons with tuberculosis and to conduct interviews with persons in their native language, and our level of response (60%) is common in studies of vulnerable populations [28] . Although we were concerned that we might have selected for a subpopulation of patients that was not representative of tuberculosis patients in the county, a previous comparison of demographic variables of respondents and nonrespondents from the county registry found no significant difference [17] . Our data are also limited because we excluded all persons who had died, which may have biased our study toward less symptomatic patients. However, this may have only a slight impact on our results: in the 2 studies described in table 3 that did not have high rates of HIV infection, mortality rates were low (!5%) [3, 4] .
Our study has implications for clinicians. For patients with pneumonia or an unexplained illness, clinicians should not assume tuberculosis is ruled out because prolonged cough or fever is absent. The Infectious Diseases Society of America's (IDSA) guidelines for community-acquired pneumonia states that testing for M. tuberculosis should be done in "selected patients, especially those with cough for 11 month, other common symptoms, or suggestive radiographic changes" [20] . In our population, the proportion of those with pulmonary tuberculosis who had cough for 12 weeks was only 52.4%, and almost certainly the proportion of those with cough for 11 month would be significantly lower. Although we were unable to find population-based studies of pulmonary tuberculosis, recent hospital-based studies have demonstrated cough rates of 50%-77% [9, 27, 29] . This supports the hypothesis that a significant proportion of patients with tuberculosis, including those with pulmonary disease, lack prolonged cough.
We believe that the IDSA guidelines should be restated. Our data suggest that cough for 11 month is too insensitive a marker to trigger an evaluation for pulmonary tuberculosis. We suggest that demographic data may help identify pulmonary tuberculosis more sensitively. For example, our population has proportions of patients who are homeless (8.6%) and infected with HIV (12.1%) that far exceed those in the general county population [30] . We suspect these and other demographic factors (e.g., recent incarceration or foreign birth in an area of endem-icity) may be useful markers to trigger an evaluation for tuberculosis in a patient with pneumonia. Unfortunately our data set cannot address the specificity of these demographic markers. The surprisingly low rate of persons lacking typical significant symptoms of tuberculosis may in part explain the robust literature on delays in suspicion of tuberculosis disease in hospitalized patients [31] [32] [33] .
Our data also provide some insight as to the sensitivity of symptom screening for tuberculosis. The Centers for Disease Control and Prevention (CDC) recommends that screening programs that evaluate persons at risk for tuberculosis should include questioning for symptoms suggestive of tuberculosis disease [34, 35] . Many organizations incorporate symptom-based questionnaires into their screening programs. For example, the US Federal Bureau of Prisons screens new inmates for tuberculosis disease by performing skin testing and conducting interviews that ask about symptoms suggestive of tuberculosis disease (N. A. Kendig, Federal Bureau of Prisons, Washington D.C., personal communication). Symptom screening is also important for other high-risk settings, such as homeless shelters, drug-treatment centers, emergency rooms, and immigration processing centers. The validity of such symptom-based screening techniques has never been examined. If we had administered the tuberculosis symptom screener used by Los Angeles County [36] to this population, 75% would have had a positive survey and 99% would have had either a positive symptom screener or TST (data not shown). We can provide insight neither on the screener's specificity nor on its sensitivity for those presenting earlier with the disease. Further research on high-risk persons with and without tuberculosis needs to be done to answer these questions.
Our subgroup analysis provided several interesting observations on groups that present differently. Lacking health insurance was an independent predictor of having significant symptoms. This may reflect that lack of insurance acts as a barrier to care and delays the diagnosis until the infected person becomes even more symptomatic. We also observed that those with a negative skin test were more likely to be symptomatic, perhaps reflecting either preexisting impaired cell-mediated immunity (CMI) or waning CMI from overwhelming infection [28] .
The association between Asian ethnicity and lack of significant symptoms was surprising. Asians were less likely to have significant symptoms of tuberculosis even when controlling for confounders in our multivariate model. Two possible explanations for this phenomenon are that recent Asian immigrants are more likely to be diagnosed early, during screening at immigration, and that Asians have a lower rate of HIV infection than other large ethnic groupings [40] . Although our model controlled for HIV as well as tuberculosis diagnosed during screening programs, such as those performed by immigration authorities, we still found significant differences. No differences in age or rates of extrapulmonary disease between Asians and non-Asians were found ( for each comparison, data not P 1 .05 shown).
The atypical presentation of tuberculosis among Asians might be explained by physiologic or cultural differences among ethnic groups. It has been demonstrated that Asians have distinctive responses to specific stimuli or infections [37, 38] . In addition, there is evidence suggesting that some Asians report pain differently than other ethnic groups [39] and so might report symptoms later. Furthermore, cultural differences in definitions of fever and cough may have explained our observations. Whether the symptomatic differences in Asians with tuberculosis represent physiologic or cultural differences (or both) is unclear, although we suspect the latter plays a more important role.
The nature of the Asian population included in our study may have also affected our results. This population was largely foreign born (195%), and most were from the Philippines, Vietnam, Korea, China, or Taiwan. Therefore, this group may not be representative of Asian populations originating or living elsewhere, and extrapolating atypical tuberculosis presentations to American-born Asians and those other locations may be dubious. In addition, the relationship between Asian ethnicity and atypical symptoms may be confounded by clinical information we did not have access to, such as previous Bacille Calmette-Guérin (BCG) administration. Our observations suggest that persons of Asian origin may need to be added to the list of groups that present with tuberculosis atypically, although this assertion would be strengthened by similar results in other multiethnic populations with a significant proportion of Asians.
In summary, we have described contemporary clinical presentations and demographics of persons with tuberculosis in an urban American city. Cough and fever were surprisingly less common than expected, suggesting that atypical tuberculosis presentation may be more common than previously held. This finding has implications for clinicians who we believe should not be dissuaded from dismissing tuberculosis as a possibility in those who lack more "classical" symptoms of the disease (e.g., prolonged cough or fever). Our data also suggest that screening programs that use symptom surveys in combination with TST are very sensitive for finding tuberculosis, but that without adding the TST these surveys may miss significant clinical disease. Further research needs to be performed to evaluate the sensitivity and specificity of symptom-based screening for tuberculosis in persons at high-risk for the disease. The strong association of Asian ethnicity with lack of significant symptoms suggests that Asians may need to be added to the list of groups that present atypically, although this result needs to be confirmed in other populations of patients with tuberculosis.
